T-lymphocytes play an important role in rheumatoid arthritis (RA). In this study, we evaluated the hypothesis that common T-cell receptor (TCR) structural features may exist among infiltrating T cells of different RA patients, if the TCR repertoire is shaped by interaction with common self or microbial antigens in the context of susceptible HLA genes in RA. Synovial lesion tissue (ST), synovial fluid (SF) and blood specimens from RA patients and controls were analyzed for TCR V gene repertoire by real-time PCR. There was highly skewed BV14 and BV16 usage in synovial T cells of RA as opposed to those of controls, which was accompanied with a trend for correlation between skewed BV16 and DRB1*0405.
Introduction
Rheumatoid arthritis (RA) is characterized by chronic inflammation of the synovium of the peripheral joints, in which T cells are thought to play an important role in the pathogenesis. 1, 2 This is supported by marked infiltration and accumulation of Th1 proinflammatory cells in the synovial membrane of RA in close association with MHC Class II genes, including DR4 (genotypes DRB1*0404 and DRB1*0401) and DQ (DQB1*0302 and DQB1*0301), in Caucasian RA patients. [3] [4] [5] Further supporting evidence includes skewing of cytokine environment in favor of T cell-mediated inflammation and clonal expansion of infiltrating T cells in the affected joints. [6] [7] [8] [9] [10] [11] [12] However, the antigen specificity of the infiltrating T cells in rheumatoid synovium is unknown. Several self-antigens, including collagen type II, heat-shock proteins and others, are implicated in RA based on T-cell reactivity to these antigens in patients with RA. [13] [14] [15] [16] Microbial antigens, such as mycobacterial antigens and staphylococcal superantigens, may also contribute to T-cell activation in RA. 17, 18 However, it is unclear whether T-cell responses to any of these antigens are clinically relevant to RA.
In the absence of an eliciting antigen(s) associated with RA, attempts have been made to identify T-cell receptor (TCR) structural features characteristic of infiltrating T cells derived from synovial fluid (SF) or synovial membrane of RA patients. It was hoped that a common TCR structural feature(s) or characteristic clonotypes of T cells associated with rheumatoid synovium may provide better understanding of the mechanism whereby these infiltrating T cells are activated and perpetuated in the synovium and may potentially lead to therapeutic strategies. As the TCR repertoire is shaped by the genetic background of the individual and the response to selfor environmental antigens, antigen-driven stimulation in the context of similar MHC Class II molecules leads to oligoclonal expansion of T cells utilizing common V-D-J segments. On the other hand, T-cell activation induced by superantigen stimulation is characterized by polyclonal expansion of a particular TCR BV gene family with different D-J segments. Therefore, it is important to delineate the BV gene distribution pattern and structural features of the third complementaritydetermining region (CDR3) among T cells in the rheumatoid synovium.
A number of studies in Caucasian RA patients have shown that TCR BV usage of T cells derived from SF and, in some cases, synovial membranes of RA patients is variably skewed to certain BV genes, including BV14, BV17 and several others. [19] [20] [21] [22] [23] Analysis of CDR3 of overexpressed BV genes has revealed some clonotypes that only exist in rheumatoid synovium but not peripheral T cells, suggesting T-cell clonal expansion in the affected joints in RA. [24] [25] [26] However, clonality and TCR BV gene usage of infiltrating T cells in RA SF or membranes are relatively heterogeneous, which complicates BV gene analysis using regular or semiquantitative PCR. This may be attributable to significant variations in the detection of overexpressed BV genes and CDR3 structural features of RA synovial T cells reported in different studies. Furthermore, relatively diverse clonality of infiltrating T cells seen in RA has significantly increased difficulties in the identification of common CDR3 structural features. Multiple CDR3 sizing peaks typically found in synovial TCR transcripts of RA require several hundreds to thousands of measurements for each sample when multiplied by the number of BV and BJ genes (25 BV and 13 BJ genes), to characterize clonotypes of interest. 27 This study was undertaken to examine the BV usage pattern of infiltrating T cells derived from synovial material of a cohort of Chinese RA patients whose HLA background differed from that of Caucasian patients to determine potential association of BV gene distribution with HLA. It was attempted to identify common clonotypes and CDR3 structural characteristics in overexpressed BV transcripts of synovial T cells from different RA patients. The analyses were performed with TCR transcripts derived ex vivo from synovial material and blood of patients and did not require in vitro culture that is likely to introduce biases. It was hypothesized that infiltrating T cells in the rheumatoid synovium might be driven and shaped by common self-or microbial antigens in the context of RA-associated DR or DQ molecules, and that these T cells might display common or shared TCR structural features among different individuals. The main approach used in this study was to first determine overexpressed BV gene(s) in rheumatoid synovium by quantitative real-time PCR. The analysis was performed in peripheral blood (PB), SF and synovial lesion tissues (ST) of a group of welldefined RA patients and a control group of patients with osteoarthritis (OA). This was then followed by serial CDR3 length analyses within the regions spanning 5 0 BV-3 0 BC (clonality analysis) by immunoscope technique. Individual CDR3 length of multiple peaks within the V-D-J region was further dissected using BV-and BJ-specific primers to identify common clonotypes that used the same BV and BJ genes with similar CDR3 length. These clonotypes were then analyzed by DNA cloning and DNA sequencing.
Results
Restricted TCR V gene usage in T cells derived from SF and lesion tissues of patients with RA A group of well-defined patients with RA and a control group of patients with OA were included in the study as described in the Materials and methods section. Clinical characteristics and HLA DR and DQ genotypes are illustrated in Table 1 . In this cohort of Chinese RA patients, genotype DRB1*0405 represented the most dominant DR4 (16/37, 43%) compared to two other DR4 genotypes (DRB1*0401 (8%) and DRB1*0404 (3%)) that are typically associated with Caucasian RA patients. [3] [4] [5] In addition, DRB1*09012 (35%) and three DQB1 genotypes (0301, 0303 and 0401) were also frequently expressed in this cohort of RA patients (30-41%).
We first examined whether T cells derived from RA synovial lesions and SF display restricted TCR BV genes and whether the restricted BV genes are associated with HLA genotypes. To this end, PB and synovial (SF and ST) specimens were first analyzed for TCR BV gene usage by real-time quantitative PCR using 25 specific primers. The real-time PCR method used in this study was sensitive and specific for detection of selective expansion of T cells based on BV expression pattern. As shown in Figure 1 , selective expansion of BV2 was readily detected by realtime PCR analysis in four PB mononuclear cell (PBMC) preparations after stimulation with toxic shock syndrome toxin, a superantigen known to activate BV2 þ Figure 2 , a series of real-time PCR analyses revealed a highly significant BV skewing for BV14 (mean expression level of 27%), BV16 (mean expression level of 31%) and, to a lesser extent, BV20 (17%) in RA-derived ST specimens. Similar overexpression of BV16 was also observed in SF specimens (28%) obtained from the same RA patients, while BV14 skewing was not significant in paired SF specimens. It was determined that the mean ratio of CD4 þ T cells to CD8 þ T cells was 1.3670.74 for PB, 1.4170.87 for SF and 1.8071.10 for ST-derived single-cell suspension by flow cytometry. In contrast, BV gene distribution appeared highly heterogeneous in RA-derived PB specimens as well as ST and SF specimens obtained from patients with OA ( Figure 2 ). BV14 and BV16 were not overexpressed in these OA-derived synovial specimens. Furthermore, percentage of Vb14 þ and Vb16 þ cells in single-cell suspensions prepared from fresh ST specimens of 10 randomly selected RA patients was examined. The results revealed that the expression of TCR Vb14 and Vb16 was detected predominantly in CD8 þ T-cell population of ST specimens of RA patients. Representative flow cytometric profiles are shown in Figure 3 . Further analysis indicated a trend for correlation between the overexpression of BV16 but not BV14 with the expression of DRB1*0405 in this group of RA patients. Of 37 RA patients analyzed for both DR and DQ genotypes and BV gene usage in ST specimens, mean % expression of BV16 and BV14 was 29 and 11% in DRB1*0405-positive subjects (n ¼ 16), and was 21 and 20%, respectively, in DRB1*0405 negative group (n ¼ 21). However, the differences did not reach statistical significance. In contrast, the expression level of both BV14 and BV16 was slightly lower in RA patients of other frequently detected genotypes, including DRB1*09012 and DQB1*0301, 0303 and 0401.
Preferential BJ gene usage and CDR3 length analysis of the overexpressed BV14 and BV16 transcripts of RA lesion-derived T cells Next, we examined clonality of the overexpressed BV14 and BV16 of T cells derived from selected synovial material (420% relative expression level in these specimens) by CDR3 length analysis using immunoscope technique. As BV14 and BV16 were not overexpressed in ST specimens of OA, four OA ST specimens that exhibited relatively higher expression of BV 14 and BV 16 (6.2-8.8%) were examined as a control. Additional controls included 12 paired PBMC specimens that had detectable expression of either BV14 (mean 8.1 vs an average of 5.7% for all PBMC specimens) or BV16 (mean 4.7 vs an average of 2.9% for all PBMC specimens) by real-time PCR. As illustrated in Figures 4 and 5, both BV14 and BV16 genes exhibited heterogeneous CDR3 length profile in both SF and ST specimens derived from RA patients when two pairs of 5 0 BV14-3 0 BC-and 5 0 BV16-3 0 BC-specific primers were used to analyze the sequence regions between BV14/BV16-BJ-3 0 BC. Some ST specimens displayed highly limited clonality with characteristic clonotypes (eg RA2, RA10, RA17, RA20 and RA34 for BV14 and RA12 and RA19 for BV16), while others showed polyclonal patterns. In contrast, highly diverse patterns of clonality were detected in paired . Furthermore, both BV14 and BV16 showed polyclonal patterns in OAderived ST specimens ( Figure 6 ). CDR3 length profile of BV14 and BV16 examined was further dissected and refined by immunoscope using BV14 or BV16 forward primers and reverse primers for 13 BJ genes. A total of 689 CDR3 length profiles were generated from selected transcripts derived from overexpressed BV14 and/or BV16 genes of ST specimens. The analyses revealed several important findings. First, three to four BJ genes were preferentially used in the context of the overexpressed BV14 and BV16. BJ1S1, BJ2S1 and BJ2S7 were preferentially used with BV16 while BJ1S1, BJ2S1, BJ1S4 and BJ2S7 were associated with BV14. Representative examples are shown in Figure 7 . Furthermore, some overexpressed BV14 and BV16 transcripts contained common and dominant clonotypes that had the same structural features of BV and BJ with similar CDR3 length, which were present in various ST specimens of different RA individuals. At least three identical clonotypes with CDR3 length of 21, 18 and 12 bp, respectively, were detected in BV16 transcripts with BJ2S1, BJ2S7 and BJ1S1 combinations. Similar common clonotypes also appeared in BV14 with BJ2S1, BJ2S7, BJ1S4 and BJ1S1 combinations in ST-derived TCR transcripts of independent RA patients. Representative clonotype patterns are illustrated in Figure 8 . The findings raised the possibility that some of these common clonotypes may have identical CDR3 sequences or common CDR3 sequence motifs. To address this issue, we selected some of the dominant clonotypes for further analysis.
CDR3 sequence analysis of TCR transcripts containing common clonotypes
It is of great interest to address whether the identified clonotypes sharing the same V-D-J structural features have the same CDR3 sequence or common CDR3 sequence motifs among different patients. This could be achieved effectively by characterizing common clonotypes present in TCR transcripts of independent ST specimens. To this end, we selected some of the dominant clonotypes for analysis. Selected TCR transcripts of common clonotypes were cloned into TA cloning vector and the resulting DNA clones were subsequently analyzed for CDR3 sequences using corresponding BV and BJ primers. Each cluster of the BV and BJ combination had approximately 15 independent DNA clones randomly selected for sequence analysis. A total of 490 DNA clones were successfully sequenced. The results indicated that most of individual DNA clones of the same cluster had identical CDR3 sequences of the selected clonotypes, indicating in vivo clonal expansion of T cells carrying the clonotypes. The majority of the clonotypes displayed independent CDR3 sequences Skewed BV gene and shared CDR3 sequence in RA W Sun et al specific for each individual. Interestingly, some of these similar clonotypes found in different individuals had identical CDR3 sequences. A CDR3 sequence (QADGTH) was found in BV16-BJ2S7 transcripts of RA12 and RA16 (Table 2) , while another CDR3 sequence (SGGSLF) appeared in BV14-2S7 transcripts of RA7 and RA8 (Table 3) . Remarkably, as shown in Tables 4 and 5 , these clonotypes exhibited shared/common sequence motifs. Motifs QD, LL and WGG were detected in 6/12 BV16 individuals, and the LS motif was found in 5/14 BV14 individuals.
Discussion
The results of the study revealed that infiltrating T cells derived from ST of RA patients displayed marked skewing of BV gene distribution toward BV14 and BV16. The analysis was performed quantitatively in a cohort of Chinese RA patients using real-time PCR, which has significant technical advantages over regular or semiquantitative PCR that was employed in previous studies. The skewed BV14 pattern seen in synovial membrane did not appear in paired SF, while the overexpression of BV16 remained in SF. The findings suggest selective activation and accumulation of BV14 and BV16 T cells in the synovial compartment of RA. It is of interest to note that although overexpression of BV14 gene has been reported in T cells derived from RA SF and membrane previously, the discovery of BV16 overexpression in synovial T cells of RA has never been reported previously. Moreover, in this study, we did not detect skewed BV17 and other BV genes that were described in Caucasian RA patients. [19] [20] [21] [22] [23] The observations have raised the possibility that in this study, overexpression of BV16 and lack of skewed BV17 and some other BV genes described in other reports may be characteristically associated with Chinese RA patients, while BV14 skewing is common to both Caucasian and Chinese patients with RA. Such discrepancies in BV gene skewing may be attributable to both genetic background (eg HLA genes) and environmental factors of geographic significance. In this regard, it is important to note that this cohort of Chinese RA patients is preferentially associated with DRB1*0405 (43% patients), which is different from two other genotypes of DR4 (DRB1*0404 and DRB1*0401) closely linked with Caucasian RA patients. [3] [4] [5] Our study further revealed a trend toward correlation between the overexpression of BV16 but not BV14 in synovial T cells and DRB1*0405 in RA patients. However, the sample size was too small to allow meaningful statistical analysis. In contrast, no correlation was found between the expression level of BV16 and BV14 and the other frequently used DR and DQ genotypes in these RA patients. The finding supports the notion that HLA genotypes and racial background of the individual may influence BV skewing of synovial infiltrating T cells in RA and provides an explanation for characteristic overexpression of BV16 in this Chinese RA V-D-J size (bp) Figure 7 Representative CDR3 length analysis using BV and BJ primers in BV14 and BV16 transcripts. BV14 and BV16 transcripts were further analyzed for CDR3 length profile by immunoscope using BV14 or BV16 primers and a set of primers specific for 13 individual BJ genes, respectively, to identify dominant clonotype patterns in combinations with various BV and BJ. Transcripts derived from ST specimens of two OA patients were included as a control.
Skewed BV gene and shared CDR3 sequence in RA W Sun et al population. Although our study did not compare the repertoire of peripheral naïve and memory T cells in RA patients with that in healthy individuals, other studies indicate that there is repertoire contraction in peripheral naïve T cells in RA patients, when compared to healthy controls, without clonal expansion of peripheral memory T cells. 28 It is important to note that that the expression of TCR Vb14 and Vb16 was detected predominantly in CD8 þ Tcell population of ST specimens of RA patients. Clonal expansion of CD8 þ T cells in the rheumatoid synovium may suggest recruitment and local expansion of CD8 þ T-cell subsets, which is potentially influenced by MHC and/or by encounter with self-or environmental antigen(s). The role of CD8 þ T cells in cartilage damage and arthritic inflammation was examined in a recent study by Cohen and Bodmer. 29 The authors demonstrated that chondrocytes normally resistant to MHC-mediated cytolysis could be rendered to lysis by CD8 þ T cells through antigen recognition. This process required the presence of inflammation that induced upregulation of MHC Class I molecules in target chondrocytes. 30 Furthermore, Figure 8 Representative clonotype patterns sharing the same BV and BJ combination with similar CDR3 length. Representative clonotypes that had the same BV and BJ combinations with similar CDR3 length (peak areas, 12, 18 and 21 bp for BV16 and BV14) are shown. Selected TCR transcripts of common clonotypes were cloned using TA cloning kits and the resulting DNA clones were subsequently analyzed for CDR3 sequences using corresponding BV primers.
Skewed BV gene and shared CDR3 sequence in RA W Sun et al CD8 þ T cells could play an important role in the amplification and perpetuation of rheumatoid inflammation through the induction of a proinflammatory cytokine cascade, involving TNF-a and g-interferon.
31
A key aspect of this study is related to the identification of potential identical CDR3 sequences and common CDR3 sequence motifs among infiltrating T cells representing overexpressed BV14 and BV16 populations in the rheumatoid synovium. If synovial T cells of BV14 and BV16 are driven by some common autoantigen(s) associated with RA in the context of similar HLA background, the TCR repertoire may be shaped during the course of the disease to develop T-cell populations of identical CDR3 or common CDR3 structural features among different RA patients. As the V-D-J region pattern of the overexpressed BV14 and BV16 is relatively diverse, such an attempt is a highly difficult task. Our strategy was to first identify similar clonotypes grouped according to common and dominant V-D-J sequence patterns in overexpressed BV14 and BV16. Transcripts containing these common clonotypes were subsequently cloned and analyzed for CDR3 sequences. The findings described here have confirmed that these common clonotypes have identical V-D-J sequences in synovial lesions derived from different patients with RA. It is remarkable that two identical CDR3 sequences are detected in RA lesions between different patients. The observation is in agreement with a previous report that a CDR3 sequence was found in synovial tissues of two RA patients. 25 The results are reminiscent of similar findings among T cells recognizing myelin basic protein (MBP), a candidate autoantigen for multiple sclerosis (MS).
Oksenberg and co-workers demonstrated that TCR derived from autopsy material of brain lesions of an MS patient shared an identical V-D-J sequence with that of a well-characterized MBP-specific T-cell clone generated from a different MS patient, confirming the presence of MBP-reactive T cells in MS brain lesions. 32 More recently, we reported a common CDR3 sequence among MBP-reactive T cells that recognize the immunodominant peptide of MBP in a significant portion of MS patients. 33 Furthermore, our sequence analysis of overexpressed BV14 þ and BV16 þ has revealed multiple CDR3 sequence motifs that are shared or common among synovial T cells of different RA patients. Again, the findings support the notion that CDR3 of overexpressed BV14 and BV16 is not random and may result from T-cell responses to a common, yet unidentified, autoantigen(s) potentially associated with RA. This is consistent with the observation described here that some lesion tissues showed highly restricted oligoclonal patterns by immunoscope analysis of the V-D-J region. However, it should be noted that sequence motifs of BV genes, with the same specificity and restriction, are highly complex, frequently involving nonadjacent residues and amino acids at each position that have chemically conserved side chains. Furthermore, as the clonotype analysis by immunoscope was limited to selected specimens of 420% expression level of the skewed BV gene(s) and DNA cloning/sequencing was performed selectively in representative clonotypes, further investigation using sequence-specific primers 
Transcripts of overexpressed BV16 containing three common clonotypes were cloned using TA cloning method. (SSP) corresponding to the identified CDR3 sequence may help to evaluate the true frequency of the CDR3 structural features in synovial material of a large population of Chinese RA patients.
Materials and methods
Patients and specimens A group of 37 patients with RA as determined according to the American Rheumatism Association criteria were included in this study. Seven patients with OA served as a control group. One of the inclusion criteria was that selected patients had not received steroids or other immunosuppressive treatments 2 months prior to the inclusion. Patients who were on symptomatic treatments were not excluded. PBMCs were prepared from heparinized blood specimens by Ficoll-Hypaque gradient separation. Cells of SF were collected from patients of both groups by centrifugation and subsequent washes. STs were obtained by knee synovectomy via arthroscopy from both RA and OA control patients during surgical procedures unrelated to this study. The tissue specimens were cut into small pieces and immediately processed for RNA extraction. The study protocol was approved by the institutional human subjects review board.
Phenotyping and analysis of TCR Vb expression by flow cytometry Synovial tissues were processed immediately after surgical removal and cut into small pieces in complete RPMI 1640 medium (Gibco BRL, Life Technologies, NY, USA) containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin-L-glutamine. Grinding of small pieces of tissue specimens was performed using a microtissue grinder with Teflon Resin pestle. Single-cell suspension was obtained after filtering through nylon mesh of 400 mm. Analysis of TCR Vb14 or Vb16 expression of PB, SF and ST was carried out by double staining using pairs of conjugated mouse anti-human antibodies, CD3-PerCP-Cy5.5, CD4-FITC, CD8-FITC (BD Biosciences, San Jose, CA, USA) and Vb14-PE or Vb16-PE (Beckman Coulter Immunotech, Marseille, France). Percentage of positive staining was determined by flow cytometry (FACS Caliber, BD Bioscience, San Diego, CA, USA).
RNA extraction
Total RNA was extracted from experimental materials (PB, SF and ST samples) using the TRIZOL RNA isolation kit (Gibco BRL, Carlsbad, CA, USA). Tissue (ST samples) (50-100 mg) were homogenized by DEPC-treated mortar and pestle in 1 ml of TRIZOL reagent. Cells from PB and 
Transcripts of overexpressed BV14 containing four common clonotypes (see Figure 8 ) were cloned individually using TA cloning method. Skewed BV gene and shared CDR3 sequence in RA W Sun et al HLA genotyping PBMC specimens obtained from all patients were analyzed for HLA DR and DQ genotypes. Briefly, genomic DNA was extracted from EDTA-treated blood of patients and HLA-DRB1 and HLA-DQB1 alleles were determined by PCR with SSP 34 using the high-resolution SSP UniTray (PEL-FREEZE Clinical System, Brown Deer, WI, USA). The primer sets amplifying the alleles were described by the international nomenclature committee of WHO (http://www.anthonynolan.org.uk/HIG/ index.html). The panel of HLA-DRB1 alleles and HLA-DQB1 allele were analyzed according to the manufacturer's protocol.
Determination of BV gene usage in synovial and blood T cells by real-time PCR analysis
In all, 25 TCRBV and TCRBC1 (accession number M12887) gene segments were cloned by using the TA Cloning @ kit (Invitrogen, San Diego, CA, USA) and One Shot @ TOP10 Escherichia coli-competent cells (Invitrogen, San Diego, CA, USA) according the manufacturer's protocol. The oligonucleotide sequences of the BVspecific primers are shown in Table 4 . cDNA was synthesized from RNA using random primers and Superscript II (Invitrogen, Carlsbad, CA, USA) in a 20-ml reaction. TCR BV gene expression was analyzed by real-time quantitative PCR. An internal reference control for BV-BC amplification and a nontemplate control containing no cDNA were added to each reaction. Realtime PCR was performed in 96-well optical PCR plates on an ABI 7000 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Briefly, an aliquot of cDNA sample (0.7 ml) was mixed with 25 pairs of BVspecific primers and one pair of BC primers (0.1 mM in final solution), respectively, together with SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA) to a final reaction volume of 50 ml. The reaction was performed at 501C for 2 min and at 951C for 10 min as hot start activation, which was followed by 40 cycles of reaction at 951C for 15 s and at 601C for 1 min. The expression of individual BV genes were calculated based on signal intensity of the PCR reactions according to the following formula: TCR BVnð%Þ ¼ 2 ÀðBVn C t ÀBC C t Þ Â100
Sð2
ÀðBV1À25 C t ÀBC C t Þ Â100Þ Â100
where C t refers to threshold cycle.
Immunoscope analysis
PCR reactions were performed with 1 ml of cDNA sample derived from ST specimens in the following amplification mixture: 5 ml 10 Â PCR buffer (100 mM Tris-HCl, pH 8.3 and 500 mM KCl), 3 ml 25 mM magnesium chloride, 1 ml of 10 mM dNTP mix, 0.5 ml of Taq polymerase (5 U/ml) (Invitrogen, Carlsbad, CA, USA) and 20 pmol of primers (BV14 or BV16 forward primer and BC primer). The PCR amplification profile used was 30 s at 941C for denaturation, 30 s at 571C for annealing and 30 s at 721C for extension in a total of 40 cycles. Immunoscope analysis was performed with a modified protocol. 27, 35 A measure of 2 ml of BV14-BC or BV16-BC PCR products were used as templates and run-off reactions were performed with a single internal fluorescent label for each of the 6FAM (expand)-labeled BC or BJ primers ( Table 5 ). The reaction profile consisted of 30 s at 941C denaturation temperature and 15 cycles at 941C for 45 s; at 551C for 45 s, at 721C for 1 min, followed by 721C for 5 min as an extension step. The resulting PCR products were then denatured in formamide and analyzed on an Applied Biosystems 3100 Prism using GeneScan 3.7 software (Perkin-Elmer, Boston, MA, USA). Labeled products were analyzed separately as one-color electrofluorographs. The relative intensity of signal (RIS) corresponding to CDR3 length was expressed as the area under the experimental peak divided by the area under the control peak found within Skewed BV gene and shared CDR3 sequence in RA W Sun et al a Gaussian distribution. Based on the distribution of the signal intensity, specific BJ primers were selected for sequence analysis of CDR3.
DNA cloning and sequencing analysis of BV14 and BV16 transcripts PCR products amplified by either BV14 or BV16 forward primer and BC primer from ST samples were used as templates for second run PCR with specific unlabeled BJ primers ( Table 5 ). The second run PCR products were cloned into the TA cloning vector pCR2.1 (Invitrogen, Carlsbad, CA, USA). In all, 15 colonies were picked from each sample for colony PCR using BV14 or BV16 forward primer and a corresponding BJ primer. The positive plasmids that showed visible amplification by PCR were selected. Plasmid DNA was prepared from these samples using QIAPrep mini plasmid kit (Qiagen, Valencia, CA, USA) and V-D-J region was sequenced with either BV14 or BV16 forward primer to determine the sequence of the CDR3 region.
